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Statement Of Priority 

This application claims the priority of U.S. Provisional Application No. 60/357,874 
filed February 19, 2002, the contents of which are hereby incorporated by reference. 

CU>vernment License Rights 

The Government of the United States of America has rights in this invention 
pursuant to Cooperative Agreement DE-FG02-95EE50425 awarded by the U.S. 
Department of Energy. 

Field Of The Invention 

The present invention relates generally to energy storage devices and, more 
particularly, to apparatuses and methods for controlling the temperature of high energy 
electrochemical cells during operation. 

Background Of The Invention 

The demand for new and improved electro-mechanical systems, such as hybrid- 
electric vehicles for example, has placed increased pressure on the manufacturers of 
energy storing devices to develop battery technologies that provide for high energy 
generation in a low-volume package. A number of advanced battery technologies have 
recentiy been developed, such as metal hydride (e.g., Ni-MH), lithium-ion, and lithium 
polymer cell technologies, which would appear to provide the requisite level of energy 
production and safety margins for many commercial and constuner applications. Such 
advanced battery technologies, however, typically exhibit characteristics that provide 
challenges for the manufacturers of advanced energy storage devices. 

For example, advanced power generating systems typically produce a significant 
amount of heat which, if not properly dissipated, can result in non-optional performance of 
the system. Moreover, poor thermal management of such cells can result in a thermal 
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runaway condition and eventual destruction of the cells. The thermal characteristics of an 
advanced battery cell must therefore be understood and appropriately considered when 
designing a battery system suitable for use in commercial and consumer devices and 
systen:is. 

5 A conventional approach of providing a heat transfer mechanism external to a stack 

of advanced rechargeable elecLrochemical cells of an energy storage system, for example, 
may be inadequate to effectively dissipate heat from intemal portions of the cell. Such 
conventional approaches may also be too expensive or bulky in certain applications. The 
severity of consequences resulting from non-optimal performance, short-circuits, and 

10 thermal run-away conditions increases significantly when advanced high-energy 
electrochemical cells are implicated. 

Another conventional cooling approach involves immersing the entire 
electrochemical cell or portions of the electrochemical cell in the coolant. While this 
approach provides good thermal contact between the electrochemical cell and the coolant 

15 stream, sealing and electrical isolation issues are of considerable concern. 

Other characteristics of advanced battery technologies provide additional 
challenges for the designers of advanced energy storage devices. For example, certain 
advanced cell structures are subject to cyclical changes in volume as a consequence of 
variations in the state of charge of the cell. The total volume of such a ceU may vary as 

2 0 much as five to six percent or more during charge and discharge cycling. Such repetitive 
changes in the physical size of a cell significantly complicates the thermal management 
strategy of the energy storage system. 

Conventional battery systems, such as those that utilize lead acid cells for example, 
typically employ a cooling system that is implemented within the walls of the rigid battery 

2 5 casing, such as by use of cooling tubes within the walls of the casing. Other conventional 
approaches employ a cooling apparatus that contacts the extemal rigid metallic casing of 
the cells of the battery system. In such cases, the cooling system can be relatively simple 
in design, in that any dimensional changes occurring within the cells have little to no 
consequences externally of the cells. For example, a change in electrode volume during 



wo 03/071616 




CT/US02/40971 



operation of such hard encased cells does not result m an appreciable change of the casing 
dimensions of the cells, due to the rigidity and strength of the cells' casing. In applications 
employing advanced rechargeable electrochemical cells (in particular Lithium Ion, Lithium 
Polymer, Lithium Ion Polymer cells, for example) not constrained by integral rigid cell 
5 casings, the cooling approaches and methodologies used in connection with conventional 
battery systems are of limited practical use due to large scale net extemal dimensional 
changes on the casing occurring over charge and discharge cycles. 

There is a need in the advanced battery manufacturing industry for a power 
generating system that exhibits high-energy output, and one that provides for safe and 
10 reliable use in a wide range of applications. There exists a further need for a thermal 
management approach that effectively maintains energy storage ceUs at a nominal 
operating temperature and provides for optimal performance of such cells. The present 
invention fulfills these and other needs. 

15 Summary Of The Invention 

The present invention is directed to an apparatus and method of cooling 
electrochemical cells of an energy storage device. In accordance with one embodiment of 
the present invention, an energy storage device includes a number of electrochemical cells 
arranged in*a spaced apart relationship. Each of the electrochemical cells includes 
2 0 opposing first and second planar surfaces and is subject to volimietric changes during 
charge and discharge cycling. A cooling bladder is employed to provide temperature 
control for the energy storage device. The cooling bladder is formed of a conformable 
thermally conducting naiaterial and includes an inlet port and an outlet port. The cooling 
bladder conforms to maintain contact with at least the first planar surface or the second 
2 5 planar surface of each of the electrochemical cells during volmnetric changes of the cells. 
A heat transfer mediimi passes between the inlet and outlet ports of the cooling bladder to 
control an operating temperature of the electrochemical cells. 

The cooling bladder can be fabricated to include a continuous hollowed interior 
within which the heat transfer medium passes. In one configuration, the cooUng bladder 
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includes a number of flow channels within which the heat transfer medium passes. In 
general, the cooling bladder covers substantially all of the surface area of each of the cells. 

According to one configuration, the cooling bladder includes a support 
arrangement that inhibits restriction of heat transfer medium flow at cooling bladder bend 
locations. The support arrangement can be located on an outer surface of the cooling 
bladder at cooling bladder bend locations. The support arrangement can also be located 
within the cooling bladder at cooling bladder bend locations. The support arrangement can 
further be integrated within the cooling bladder construction at cooling bladder bend 
locations. 

For example, the cooling bladder may include a porous filler material disposed 
within the cooling bladder. The porous filler material can be disposed at cooling bladder 
locations subject to bending. In another approach, the cooling bladder includes thickened 
sections provided at cooling bladder locations subject to bending. 

The cooling bladder can be designed to include an interior compartment within 
which the heat transfer medium passes between the inlet port and the outlet port in a 
unidirectional manner. The cooling bladder can also be designed to mclude a number of 
compartments through which the heat transfer medium passes. For example, the cooling 
bladder can include a first interior compartment and a second interior compartment. The 
transfer medium passing within the first interior compartment preferably flows in a 
direction opposing that of the transfer medium passing within the second interior 
compartment. 

The cooling bladder can be constmcted from a conformable thermally conductive 
material having a single material layer or from a conformable thermally conductive 
material having a number of material layers. For example, the conformable thermally 
conductive material can include a metallic layer disposed befween a first polymer layer and 
a second polymer layer. 

The cooling bladder* s conformable thermally conductive material preferably has a 
thickness of less than about 150 mils. Advantageously, the cooling bladder and the heat 
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transfer medium preferably constitute less than about 50 % by weight or volume of a total 
aggregate weight or volume of the cells, cooling bladder, and heat transfer medium. 

The electrochemical cells of the energy storage device can be arranged to form a 
number of cell stacks or sets. Each of the cell sets is provided with one of a number of 
cooling bladders, such that an operating temperature of electrochemical cells of each of the 
cell sets is controlled by at least one of the cooling bladders deployed in the energy storage 
device. 

The electrochemical cells of an energy storage device can be arranged to form a 
cell stack. In such a coiijHguration, the cooling bladder controls the operating temperature 
of the cell stack such that a temperature difference as measured between any two cells of 
the cell stack does not exceed 5 degrees Celsius. The cooling bladder can also control the 
operating temperature of the cell stack such that a temperature difference as measured 
between any two points on either the &st or second planar surface of an individual cell 
does not exceed 5 degrees Celsius. More preferably, the cooling bladder controls the 
operating temperature of the cell stack such that a temperature difference as measured 
between any two cells of the cell stack or between any two points on either the first or 
second planar surface of an individual cell does not exceed 2 degrees Celsius. 

In accordance with one implementation, the cooling bladder conforms to a 
serpentine configuration to contact the respective first and second planar surfaces of each 
of the electrochemical cells of an energy storage device. By way of example, each of the 
electrochemical cells includes first, second, third, and fourth edges, such that the first edge 
opposes the second edge and the third edge opposes the fourth edge. The first and second 
edges of each electrochemical ceU electrically couples to respective electrical conductors 
for conducting current into and out of each of the electrochemical cells. The cooling 
bladder contacts respective third and fourth edges and respective first and second planar 
surfaces of each of the electrochemical cells. 

The heat transfer medium passed through the cooling bladder can be water, 
according to one approach. The heat transfer medium can also be a mixture of water and 
ethylene glycol or other anti-freeze, or a mixture of methanol and ethylene glycol. The 
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temperature of the heat transfer medium entering the inlet port of the cooling bladder is 
preferably substantially constant. 

The cooling bladder preferably controls the operating temperature of 
electrochemical cells of an energy storage device having operating temperatures ranging 
between about 20 degrees Celsius and about 130 degrees Celsius. The electrochemical 
cells can be lithium cells or nickel metal hydride cells, for example. 

According to a further embodiment, the energy storage device includes a housing 
within which the electrochemical cells and the cooling bladder are situated. The housing 
includes a positive terminal and a negative terminal each coupled to the electrochemical 
cells. The housing further includes an inlet aperture for providing access to the inlet port 
of the cooling bladder and an outlet aperture for providing access to the outlet port of the 
cooling bladder. 

In one configuration, the housing contains the electrochemical cells and a number 
of cooling bladders. In addition to including a positive temtiinal and a negative terminal 
each coupled to the electrochemical cells, the housing further includes at least one inlet 
aperture for providing access to an inlet port of each of the cooling bladders and at least 
one outlet aperture for providing access to an outlet port of each of the cooling bladders. 
The number of cooling bladders and inlet and outlet ports may be selected to provide for 
various configurations of single, multiple, serial, and parallel flows, and combinations of 
such flows. 

In accordance with another embodiment of the present invention, the cooling 
bladder is pressurized to maintain the electrochemical cells of the energy storage device in 
a state of compression during charge and discharge cycling. 

In accordance with a further embodiment of the present invention, a method of 
providing cooling within an electrochemical storage device involves providing a nmnber 
of electrochemical cells arranged in a spaced apart relationship, with each of the 
electrochemical cells including opposing first and second planar surfaces and subject to 
volumetric changes during charge and discharge cycling. A conformable, thermally 
conductive cooling bladder is provided, such that the cooling bladder conforms to maintain 
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contact with at least the first planar surface or the second planar surface of each of the 
electrochemical cells during the volumetric changes. A heat transfer medium is passed 
through the cooling bladder to control an operating temperature of the electrochemical 
cells. The method can further involve pressurizing the cooling bladder to mamtain the 
5 electrochemical cells in a state of compression during cell charge and discharge cycling. 

The above summary of the present invention is not intended to describe each 
embodiment or every implementation of the present invention. Advantages and 
attainments, together with a more complete understanding of the invention, will become 
apparent and appreciated by referring to the following detailed description and claims 
10 taken in conjunction with the accompanying drawings. 

Brief Description Of The Drawings 

Figure 1 is an illustration of an energy storing system which employs a cooling 
apparatus according to an embodiment of the present invention; 
15 Figure 2 is an illustration of an energy storing system which employs a cooling 

apparatus according to another embodiment of the present invention; 

Figure 3 illustrates a sub-assembly of the energy storing system of Figure 2, with a 
more detailed showing of a cooling bladder of the present invention; 

Figure 4 is an illustration of a cooling bladder that employs top-mounted inlet and 
2 0 outlet ports according to an embodiment of the present invention; 

Figure 5 is an illustration of a cooling bladder that employs side-mounted inlet and 
outlet ports according to an embodiment of the present invention; 

Figure 6 is a detailed illustration of a cooling bladder according to an embodiment 
of the present invention; 
2 5 Figure 7 is a side view of the cooling bladder depicted in Figure 6; 

Figure 8 illustrates a cooling bladder configuration according to an embodiment of 
the present invention; 

Figure 9 illustrates a cooling bladder configuration according to another 
embodiment of the present invention; 
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Figure 10 illustrates a cooling bladder configuration according to a farther 
embodiment of the present invention; 

Figure 1 1 is an illustation of a string of electrochemical cells fitted with a cooling 
bladder in accordance with an embodiment of the present invention; 
5 Figure 12 is an illustation of a string of electrochemical cells fitted with multiple 

cooling bladders in accordance with an embodiment of the present invention; and 

Figure 13 is an illustration of a simple parallel flow arrangement implemented 
within a cooling bladder of the present invention. 

While the invention is amenable to various modifications and alternative forms, 
10 specifics thereof have been shown by way of example in the drawings and will be 

described in detail. It is to be understood, however, that the intention is not to limit the 
invention to the particular embodiments described. On the contrary, the intention is to 
cover all modifications, equivalents, and altematives falling within the scope of the 
invention as defined by the appended claims. 

15 

Detailed Description Of Various Embodiments 

In the following description of the illustrated embodiments, reference is made to 
the accompanying drawings which form a part hereof, and in which is shown by way of 
illustration, various embodiments in which the invention may be practiced. It is to be 

2 0 understood that the embodiments may be utilized and structural changes may be made 
without departing from the scope of the present invention. 

A temperature control apparatus and methodology of the present invention 
provides for enhanced control of energy storage device temperatures during normal and 
cold start operations. A temperature control apparatus and methodology according to the 

2 5 present invention is particularly well-suited for controlling the temperature of high energy, 
high power density rechargeable electrochemical cells arranged m a spaced apart 
relationship, such as an arrangement of lithium or nickel metal hydride prismatic cells 
defining a rechargeable module or battery, for example. Such rechargeable 
electrochemical cells are particularly well-suited for use in the construction of high 
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current, high voltage energy storage modules and batteries, such as those used to power 
electric and hybrid-electric vehicles, for example. 

Advanced rechargeable lithium and nickel metal hydride electrochemical cells, for 
example, are subject to significant volumetric changes during charge and discharge cycling 
5 due to anode state changes, which renders conventional cooling approaches ineffectual or 
inadequate. Also, such advanced rechargeable batteries generally require maintenance of 
uniform stack and cell pressures. In conventional implementations, this is typically 
accomplished via a pressure system internal or extemal to the individual cells, such as a 
system of springs, plates or pads. 

1 0 Intimate contact between an arrangement of electrochemical cells and a 

temperature control apparatus of the present invention is advantageously maintained in the 
presence of significant cell expansion and contraction, which provides for enhanced 
temperatxire control, improved cell performance, and extended cell life. In energy storage 
device applications in which compressive pressure within a cell arrangement (e.g., a cell 

15 stack arrangement or a cluster arrangement) is needed or desired, the requisite cell stack 
pressure can be maintained during cell expansion and contraction by pressurizing the 
temperature control apparatus of the present invention. In such applications, a temperature 
control apparatus of the present invention advantageously provides the requisite thermal 
and pressure control for an arrangement of electrochemical cells, thereby obviating the 

2 0 need for separate temperature and pressure control systems. 

In broad and general terms, a temperature control bladder or pouch of the present 
invention (referred to herein as a cooling bladder, although cooling/heating bladder is 
equally applicable) is formed of a deformable, thermally conductive material through 
which a heat transfer medium passes. The cooling bladder can be readily manipulated 

2 5 during installation within a given cell stack arrangement, such that contact between surface 
of the cell adjacent the cells' active area and the cooling bladder is maximized. The 
deformable cooHng bladder may be formed to take on a variety of shapes, sizes, and 
lengths to acconunodate a wide variety of cell stack geometries. For example, the cooling 
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bladder for a given cell stack arrangement may take on a continuous serpentine shape or a 
simple rectangular or square shape. 

The cooling bladder of the present invention may have a single interior 
compartment within which the heat transfer medium is contained or a multiplicity of such 
interior compartments. The cooling bladder may be provided with a single inlet port and a 
single outlet port, in the case of a serial flow arrangement, or may have multiple inlet ports 
and multiple outlet ports, in the case of a parallel flow arrangement or an arrangement 
involving a multiplicity of serial or parallel flows. Single inlet-multiple outlet port 
configurations can also be employed, as can multiple inlet-single outlet port arrangements. 

Referring now to the figures, and more particularly to Fig, 1, there is illustrated an 
embodiment of an energy storage device 20 which employs a temperature control 
apparatus and methodology in accordance with the principles of the present invention. 
According to this embodiment, the energy storage device 20 includes a housing body 22 
into which a circuit board 24 is mounted. The circuit board 24 includes positive and 
negative contacts that are electrically coupled to respective positive and negative terminals 
attached to or extending through a side or sides of the housing body 22. 

A foam insert 26 is positioned adjacent the circuit board 24. A cell stack assembly 
28 is fitted within the foam insert 26. The cell stack assembly 28 comprises a nmnber of 
rechargeable electrochemical cells 15. The electrochemical cells 15 are preferably of an 
advanced rechargeable technology and exhibit high energy and high power density 
attributes. In this configuration, the cell stack assembly 28 includes electrical contacts 
which extend to connect with receiving contacts (not shown) provided on the circuit board 
24. The connections between the cell stack assembly 28 and the circuit board 24 can be 
designed to provide desired parallel and series connections between cells 15 of the cell 
stack assembly 28 to achieve a desired voltage and amperage for the energy storage device 
20. 

Figure 1 further illustrates a cooling bladder 30 in accordance with an embodiment 
of the present invention. The cooling bladder 30 depicted in Fig. 1 has been manipulated 
in this illustrations to have a generally serpentine shape to accommodate the configuration 
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of the cell stack assembly 28. The serpentine configuration of the cooling bladder 30 
provides for easy integration within the spaced apart cells 15 of the cell stack assembly 28. 
The "fan fold" cooling bladder configuration depicted in Fig. 1 allows portions of the 
cooling bladder 30 to be interleaved within the cell stack assembly 28, such that 
substantially all of the surface area of each cell is m contact with the cooling bladder 30. 

The cooling bladder includes an inlet port 31 (not shown in Fig. 1, but shown in 
Figs. 4 and 5) and an outlet port 33. As shown, the outlet port 33 and inlet port 31 are 
tubular in shape, and respectively terminate at opposing ends of the cooling bladder 30. 
The foam insert 26 includes corresponding semicircular channels 21 and 23 that 
accommodate the outlet port 33 and inlet port 31 when the cell stack assembly 28 and 
cooling bladder 30 are properly installed in the foam insert 26. The circuit board 24 also 
includes semicircular notches 25 and 27 that respectively accommodate the outlet port 33 
and inlet port 3 1 of the cooling bladder 30. 

The outlet port 33 and inlet port 3 1 of the cooling bladder 30 extend through 
conresponding apertures (not shown) in the housing body 22. Alternatively, tubes or hoses 
extend through respective apertures in the housing body 22 and are connected to the outlet 
port 33 and inlet port 3 1 of the cooling bladder 30. After completing installation of the 
cell stack assembly 28 and cooling bladder 30 witiiin the housing body 22, a housing lid 32 
is secured to housing body 22. Hermetic or non-hermetic seals may used as required. 

Figures 2 and 3 illustrate an alternative embodiment of an energy storage device 
40. According to this embodiment, electrical connections between the energy storage 
device 40 and an external electrical system are established through the housing lid 32, 
rather than through the housing body 22 as in the case of the embodiment depicted in Fig. 
1. The energy storage device 40 illustrated in Figs. 2 and 3 includes a cooling bladder 30 
of the present invention installed on a cell stack assembly 28 defined by a number of 
spaced apart electrochemical cells 15. In this configuration, the cooling bladder 30 is 
shown to include an outlet port 33 and inlet port 31 (not shown in Figs. 2 and 3, but shown 
in Figs. 4 and 5) that respectively terminate on the planar surface of the cooling bladder 30 
near the opposing ends of the cooling bladder 30. As such, the outlet port 33 and inlet port 
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31 are arranged on the cooling bladder 30 to provide for side access through adjacent side 
walls of the housing body 22. 

The housing body 22 is fabricated to include channels 19 and 17 that respectively 
acconunodate outlet and ports 33 and 31 as the cell stack assembly 28 and cooling bladder 
30 are installed into the housing body 22. An outlet aperture 36 and an inlet aperture 34 
are provided in side trails of the housing body 22 to permit extemal connection to 
respective outlet and inlet conduits. When the cell stack assembly 28 and cooling bladder 
30 are properly installed in the housing body 22, the outlet and inlet ports 33, 31 register 
with the outlet and inlet apertures 36, 34 of the housing body 22. Outlet and inlet 
conduits, such as hoses or the like, may subsequently be connected to the outlet and inlet 
ports 33, 31. The inlet conduit provides a source supply of a heat transfer medium to the 
inlet port 31 of the cooling bladder 30, and the outlet conduit connected to the outlet port 
33 provides a return path for the heat transfer medium after having passed through the 
cooling bladder 30. 

According to this embodiment, the circuit board 42 is positioned on top of the cell 
stack assembly 28 adjacent the housing lid 32. The circuit board 42 mcludes a number of 
leads 51 to which a corresponding number of tabs 53 are attached. The tabs 53 extend 
from the leads 5 1 of the circuit board 42 and connect with tabs 74 of the cells 15 of the cell 
stack assembly 28. In a typical configuration, one of the circuit board tabs 51 provides 
electrical connection to one of the cell tabs 74. The cell leads 51 are preferably fabricated 
as copper bars and include a swaged flexible (e.g., braided) mid-section. The cell tabs 51 
are preferably ultrasonically welded to the cell leads 5 1 . The circuit board 42 may further 
include various electrical and/or electronic circuits 52, such as bypass circuitry, 
equalization circuitry, fuses, and the like. 

In the embodiment depicted in Figs. 2 ancl 3, positive and negative temiinals 41 
and 43 are electrically coimected to the leads 51 of the ckcxiit board 42, typically trough 
electrical/electronic cux:uitry 52. The terminals 41 and 43 respectively register with 
apertures 45 and 47 of the housing lid 32. As such, extemal electrical connections with 
the energy storage device 40 are estabUshed through the top housing lid 32 of the energy 
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Storage device 40. The terminal apertures 45, 47 and the housing lid 32 may include 
hermetic or non-hermetic seals as a particular application may require. 

The cells 15 of one or a number of the energy storage devices 40 can be electrically 
connected to define an energy storage device which produces a desired voltage and current 
appropriate for a given application. For example, a number of electrochemical cells 15 can 
be arranged in a stack configuration and interconnected to form larger power producing 
devices, such as modules and batteries for example. A grouping of electrochemical cells 
15 may be selectively interconnected in a parallel and/or series relationship to achieve a 
desired voltage and current rating. For example, a number of electrochemical cells 15 may 
be grouped together and connected in parallel to common positive and negative power 
buses or terminals of the circuit board 42 to form a cell stack assembly 28. A number of 
such cell stack assemblies 28 may then be connected in series to form a module. Further, a 
number of individual modules may be connected in series to constitute a battery. Such an 
arrangement of modules can be used to power an electric or hybrid-electric vehicle, for 
example. 

The electrochemical cells 15 employed m the cell stack assembly 28 are preferably 
advanced rechargeable (e.g., secondary) high energy and high power density batteries, such 
as lithium batteries and nickel metal hydride batteries. These batteries, when used in a 
multi-cell configuration with high discharge rates, typically generate a significant amount 
of heat, which can result in thermal runaway, short circuiting, and eventual destruction of 
the batteries if not properly controlled. 

lithiirai batteries which can advantageously be employed in an energy storage 
device incorporating a cooling apparatus and methodology of the present invention include 
rechargeable lithium ion, lithium polymer, and lithium ion polymer ("gel") batteries, 
lithium ion batteries generally use carbon as the anode material, liquid electrolytes, such 
as mixtures of propylene carbonate, ethylene carbonate, and diethyl carbonate, and metal 
oxides, such as lithium cobalt oxide or lithium manganese oxide, as the positive active 
material. The anode active materials may also consist of alloys that alloy with lithium, 
such as tin, aluminum, and silicon, for example. 



wo 03/071616 




'CT/US02/40971 



lithium polymer batteries employ a solid polymer electrolyte as an alternative to 
the liquid electrolytes of lithium ion batteries. These batteries have lower ionic 
conductivities as compared to Uthium ion batteries and are thus usually operated at 
temperatures above ambient, such as 60-100°C. lithium polymer batteries also offer 
advantages of a "non-liquid" battery and flexibility of configuration. The anodes of such 
batteries are litiiium metal, electrolytes are typically crosslinked copolymers of 
polyethylenoxide, and cafliodes are metal oxides, such as lithium vanadium oxide. 

Lithium ion polymer gel batteries exhibit improved conductivity as compared with 
lithium polymer batteries by incorporating a plasticizer, such as propylene carbonate, into 
the soUd polymer matrix, lithium ion polymer gel batteries may be viewed as hybrids 
between the lithium ion and solid polymer batteries. 

Nickel metal hydride batteries use hydrogen absorbed in a metal alloy in the form 
of a hydride for the active negative material. These alloys are typically rare earth (e.g., 
Misch metal) based on lanthanum nickel or alloys based on titanium zirconium. The 
active material of the positive electrode is nickel oxyhydroxide. The electrolyte is aqueous 
potassium hydroxide. 

The electrochemical cells 15 employed in flie cell stack assembly 28 depicted in the 
drawings are typically prismatic m configuration. The cells 15 generally have two 
opposing planar surfaces that accovmt for most of the cell's surface area relative to edges 
of the cells. For example, a typical cell 15 may be fabricated to have a length of 
approximately 160 mm, a height of approximately 125 mm, and a thickness of only 9 mm. 
Another set of useful cell dimensions, in terms of inches, includes a surface area of about 5 
inches by 5 inches and a thickness of about 0.33 inches. 

The electrochemical cells 15 subject to cooling in accordance with the principles of 
the present invention need not have a prismatic configuration. By way of example, the 
electrochemical cells 15 may have a cylindrical shape or have a multifaceted configuration 
(e.g., a hexagonal cross section). The electrochemical cells 15 can also have a rounded 
sh£^e (e.g., an oval cross section). 
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Maintaining uniform temperature of the cell stack assembly 28 and individual cells 
15 is critical in preventing premature failure of the cell stack assembly 28. A typical string 
of cells constituting a given cell stack assembly 28 may, for example, include between 48 
and 72 serially electrically connected cells 15. It is readily appreciated by those skilled in 
5 the art that premature failure of any one of the cells 15 of a string of cells wiU render the 
entire cell string either inoperative or unacceptable in terms of energy ou^ut. 

In the case of a cell stack assembly 28 comprising a string of litMum ion cells 15 
employed in a given energy storage device, for example, the temperature control apparatus 
of the energy storage device must maintain the cells 15 at a uniform temperature during 

10 charge and discharge cycles to provide for optimal cell performance. By way of example, 
the temperature control apparatus must control the operating temperature of the cell stack 
assembly 28 such that a temperature difference as measured between any two cells of the 
cell stack or between any two points on either one of the opposing planar surfaces of an 
individual cell does not exceed 5 degrees Celsius. More preferably, a temperature 

15 difference as measured between any two cells of the cell stack or between any two points 
on either one of the opposing planar surfaces of an individual cell should not exceed 2 
degrees Celsius. 

With regard to maintenance of the operating temperature of the cell stack assembly 
28, a temperature difference as measured between any two points on either one of the 

20 opposing planar surface of an individual ceU or between any two cells of the cell stack 
assembly 28 should not exceed 5 degrees Celsius. More preferably, a temperature 
difference as measured between any two points on either one of the opposing planar 
surface of an individual cell or between any two cells of the cell stack assembly 28 should 
not exceed 2 degrees Celsius. 

25 A factor that further complicates the effort to provide effective temperature control 

of advanced rechargeable batteries concerns cyclical changes in cell volume that occur in 
various types of such batteries. By way of example, the volume of a lithium polymer 
electrochemical cell of the type described previously varies during charge and discharge 
cycling due to the migration of lithium ions into and out of the lattice structure of the 



wo 03/071616 



16 



CT/US02/40971 



anode and cathode material. This migration creates a corresponding increase and decrease 
in total cell volume on the order of approximately five to six percent during charging and 
discharging, respectively. Other types of advanced rechargeable batteries (e.g., lithium 
ion, lithium ion polymer, and nickel metal hydride) likewise exhibit significant increases 
5 and decrease in total cell volume during charge and discharge cycling. 

It is understood that the performance and service-life of an electrochemical cell that 
undergoes repeated cycles of expansion and contraction is significantly increased by 
maintaining the layers/components of the cell in a state of compression. Improved cell 
performance may be realized by maintaining pressure on the two larger opposing surfaces 
10 of the cell during cell charge and discharge cycling. It is considered desirable that the 

compressive forces exerted on the cells be distributed fairly uniformly over the surface of 
application. 

A cooling apparatus and methodology of the present invention provides the 
requisite level of temperature control needed to maximize the performance of advanced 

15 rechargeable cells and strings/stacks of such cells. Moreover, a cooling apparatus and 

methodology of the present invention provides the requisite level of pressure control at as 
the cells undergo net extemal volumetric changes during operation. For example, the 
cooling apparatus can produce pressures ranging between about 5 psi and about 60 psi as 
needed in a given application, it being understood that lower or higher pressures can be 

2 0 achieved if needed or desired. A cooling apparatus and methodology of the present 

invention provides a mechanism to maintain good thermal contact with the cells of the 
string/stack continuously and in the presence of significant cell volume changes during 
operation. 

Returning to the figures, and more particularly to Figs. 4 and 5, there is illustrated 
2 5 two embodiments of a cooling apparatus well-suited for use with advanced rechargeable 
cells and batteries. The cooling bladder 30 is fabricated firom a resilient material which is 
sealed along the periphery to form one or more hollowed interior compartments. Extemal 
access to the interior compartment(s) is achieved through attachment to inlet and outlet 
ports 31, 33. The cooling bladder 30 may be fitted with a single pair or multiple pairs of 
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inlet and outlet ports 31, 33 depending on the number of interior compartments provided 
in the cooling bladder 30 and the desired number and direction of flow pathways through 
the cooling bladder 30. As such, a cooling bladder 30 of the present invention may be 
configured to provide for one or more serial and/or parallel flow pathways through the 
5 cooling bladder 30. 

In the configuration of a cooling bladder 30 shown in Figs. 4A and 4B, inlet and 
outlet ports 31, 33 are respectively situated near opposing ends of the cooling bladder 30 
and are mounted on one of the two planar surfaces of the cooling bladder 30, Figure 4A 
provides a side view of one of such top-mounted configurations. It is noted that the inlet 

10 and outlet ports 3 1, 33 need not be mounted on the same planar surface of the cooling 
bladder 30 as is shown in Figs. 4A and 4B. 

Figure 4C is a detailed illustration of the mounting configuration of inlet and outlet 
ports 31, 33 to tiie cooling bladder 30 according to a top-mounted arrangement. The inlet 
and outlet ports 31, 33 each include a threaded fitment or spout 37 which is mounted so 

15 that the fitment 37 penetrates one of the two planar surfaces of the cooling bladder 30. A 
seal 35 is provided where the fitment 37 is mated to the cooling bladder surface. The 
fitment 37 and seal 35 can be selected from conomercially available components depending 
on the particular design of a given energy storage device that incorporates a cooling 
bladder 30 of the present invention. 

2 0 Figure 5 A illustrates another configuration of a cooling bladder 30 in which inlet 

and outlet ports 31, 33 are respectively situated at opposing ends of the cooling bladder 30. 
According to this side-mounted configuration, and as shown in the detailed depiction of 
Fig. 5B, inlet and outlet ports 31, 33 each include a threaded fitment 37 which is mounted 
so that the fitment 37 penetrates a side surface of the cooling bladder 30. A seal 35 is 

2 5 provided where the fitment 37 is mated to the cooling bladder siuf ace. Ribbing may be 

incorporated to ensure a good seal between the fitment 37 and the cooling bladder surface. 
As in the configuration illustrated in Fig 4C, the fitment 37 and seal 35 shown in Fig. 5B 
can be selected from commercially available components depending on the particular 
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design of a given energy storage device that incorporates a cooling bladder 30 of the 
present invention. 

For purposes of illustration and not of limitation, the cooling bladder 30 illustrated 
in Figs. 4 and 5 can be fabricated to have a length of several feet. For example, the length 
5 of the cooling bladder 30 can range between 5 and 10 feet for many applications (e.g., 7 

feet to 7.5 feet). The cooling bladder 30 can have a width of several inches. For example, 
the cooling bladder 30 can have a width ranging between 4 and 7 inches. Generally, the 
width of the cooling bladder 30 is designed to accommodate the width of the 
electrochemical cells employed in a given energy storage device. The cooling bladder's 

10 conformable thermally conductive material 30 can have a thickness that ranges between 
about 6 mils and 150 mils. 

For example, an energy storage module may incorporate lithiimi ion prismatic cells 
having a width and height of about 5 inches and a thickness of about 0.33 inches. An 
appropriate width of the cooling bladder 30 for such 5" x 5" cells can range between 5 

15 inches and 6 inches, with 5.5 inches being a suitable width. The length of the cooling 
bladder 30 is dependent on a nmnber of factors, including the number of cells used in a 
cell stack assembly, the tolerance for temperature variations across a cell and the cell 
stack, and the nxmaber of cell stack assemblies used in a given energy storage module, for 
example. 

20 By way of example, a particular energy storage module may incorporate four ceU 

stack assemblies each of which incorporates 12 electrochemical cells having dimensions of 
about 5"x5"x0.33". In such a configuration, one cooling bladder 30 can be employed to 
provide temperature control for a corresponding one of the four cell stack assemblies, for a 
total of four cooling bladders 30. Each of the cooling bladders 30 can have a length of 

2 5 about 7 feet-2 inches, and a width of about 5.5 inches. 

One or more locations along the periphery of the cooling bladder 30 can be sealed 
to form the cooling bladder 30. For example, a 3/8 inch wide seal can be used at two 
peripheral locations along the sides of the cooling bladder 30 to provide sealing along the 
length of the cooling bladder 30. A Vi inch wide seal can be used at two peripheral 



wo 03/071616 




'CT/US02/40971 



locations along the ends of the cooling bladder 30 to provide sealing along the opposing 
ends of the cooling bladder 30. 

Figures 6 and 7 illustrate additional features of a cooling bladder 30 of the present 
invention. According to this illustration, tiie cooling bladder 30 includes an active region 
37 and a sealed region 39. The active region 37 defines the unsealed portion of the cooling 
bladder 30 within which a heat transfer medium passes via inlet and outiet ports 31 and 33. 
The active region 37 thus represents the portion of the cooling bladder 30 that comes into 
thermal contact with the electrochemical cells and provides the requisite temperature 
control for the cells. As such, the width of the active region 37 of the cooling bladder 30 is 
designed to accommodate the width of the active region of the subject cells. The inactive 
sealed region 39 is shown to have a width that exceeds the width of the subject cells. 

By way of example, and assuming use of 5"x5" cells that have an active area of 
about 4.25"x4.25", the active region 37 of tiie cooling bladder 30 can have a width of 
about 4.33". The sealed region 39 can extend beyond the active region 37 by about 1.8", 
such that the total width of the cooling bladder (width of active region 37 plus width of 
inactive region 39) is about 6.2 inches in this illustirative, non-limiting example. 

The active region 37 of the cooling bladder is generally designed to manage a 
maximimi allowable amount of heat that is generated by a grouping of electrochemical 
cells during operation. The maximum allowable heat limit typically takes into accoimt the 
excess heat generated during a short circuit event within a cell string, and also varies 
depending on the availability of bypass circuitry or other short circuit control devices that 
limi t the amount of heat generated by a short circuited cell or cells. For example, a string 
of 12 cells may require that the cooling bladder 30 manage 18 W of heat dissipation per 
cell during normal operation. In this illustrative example, the cooling bladder 30 is to be 
designed to manage about 220 watts (i.e., Q = 220 W) of heat dissipation from the string 
of 12 cells (12 cells x ISW/cell = 216 W). 

The heat transfer medium passing tiirough the cooling bladder 30 is typically water 
or a combination of an anti-freeze and water (e.g., a blend of water and ethylene glycol or 
a mixture of methanol and ethylene glycol). The rate of heat transfer medium flow 



wo 03/071616 




CT/US02/40971 



through the cooling bladder 30 is dependent on the heat dissipation requirement of a given 
string of cells. For a cooling bladder 30 having dimensions discussed above with 
reference to Figs. 6 and 7 and a heat dissipation requirement of about 220 W and a 
maytmnm temperature difference of 2°C, flow rates of water through the cooling bladder 
30 of about 0.06 kg/sec to about 0.07 kg/sec may be sufficient. 

It is desirable that the temperature of the heat transfer medium supplied to the 
cooling bladder 30 be substantially constant. This desired requirement simplifies the 
design and performance reqmrements of the coolmg bladder 30. In an implementation in 
which energy storage modules equipped with cooling bladders 30 of the present invention 
are deployed in an electric or hybrid-electric vehicle, the vehicle preferably includes a 
battery coolant circuit that supplies a heat transfer medium (i.e., coolant) to the cooling 
bladders 30 of each energy storage module at a substantially constant temperature. The 
battery coolant circuit may either be separate from or be connected to the vehicle*s main 
coolant system. The coolant passed out of the energy storage modules typically retums to 
the battery coolant circuit or the main coolant system, depending on the design of the 
vehicle and its cooling system. The returned coolant is brought back to the predetermined 
supply temperature prior to being supplied to the energy storage modvdes. 

It is understood that the design and implementation of an effective temperature 
control apparatus of the present invention depends on numerous factors unique to a given 
application. Such factors include, for example, cooling bladder dimensions and thermal 
conductance properties; heat transfer medium properties, flow rate, and entry temperature; 
energy storage device insulation and thermal environment of use, cell energy dissipation 
characteristics, and coolant system specifications (e.g., coolant supply temperature), 
among others. 

In many applications, volume and weight limits are specified for the energy storing 
device to be used in a given application. For example, a given manufacturer of electric- 
hybrid vehicles may specify that the vehicle's battery cannot exceed a volume of 32 liters 
and a weight of 40 kilograms. In order to maximize the available volume and weight of 
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the battery allotted to the energy producing components of the battery, it is highly desirable 
to minimize the volume and weight of the temperature control components of the battery. 

A temperature control apparatus that employs a cooling bladder of the present 
invention advantageously maximizes temperature control performance for high energy, 
high power density batteries, while minimizing weight and volume requirements. For 
example, a cooling bladder of the present invention and the heat transfer medium passing 
through it constitute less than about 50% by weight or volume of a total aggregate weight 
or volume of the cells, cooling bladder, and heat transfer medium. Those skilled in the art 
will readily appreciate the advantages of low weight and volume overhead offered by a 
cooling apparatus of the present invention in comparison to conventional cooling 
approaches. 

The material used in the fabrication of the cooling bladder 30 may be a single layer 
material or a multiple layer material. In the case of a single layer material, the cooling 
bladder 30 may be constracted using a resilient nciaterial having good thermal conduction 
properties, such as ELVAX (ethylene-vinyl acetate copolymer, DuPont, Wihnington, DE) 
or low density polyethylene (LDPE). 

In the case of a multiple layer material, the cooling bladder 30 may be fabricated 
using a number of different multi-layer materials having good thermal conduction 
properties. The cooling bladder 30 may, for example, be fabricated using a three layer 
construction. According to one configuration, a metallic layer is disposed between a first 
polymer layer and a second polymer layer. By way of example, a thin metaUic foil, such as 
aluminum foil, can be used to minimize the moisture vapor transmission rate (MVTR) 
over the life of the cooling bladder 30 and exhibits good conformability and thermal 
conductivity properties. A heat sealable film, such as polyethylene, is disposed on a first 
face of the metallic foil. A protective film, such a nylon or polypropylene, is disposed in a 
second face of the metallic foil. The three-layer material can be sealed using known 
sealing techniques to form the cooling bladder 30. According to another configuration, the 
cooUng bladder 30 may be fabricated using a PET-metal material in contact with a layer of 
ethylene-vinyl acetate copolymer (e.g., ELVAX, manufactured by Dupont). 
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Figures 8-10 illustrate several embodiments of a cooling bladder 30 in accordance 
with the principles of the present invention. Figures 8 and 9 depict embodiments in which 
a cooling bladder has the form of a flexible pouch. The cooling bladder 30 illustrated in 
Figs, 8 and 9 is shown to have a rectangular cross section for simplicity of explanation. 
The cooling bladder 30 depicted in Fig. 10 comprises a number of flow chaimels 80, such 
as a bank of tubes. The flow channels 80 may be of any configuration, and may have 
circular, rectangular, square or triangular cross sections, for example. 

The cooling bladder 30 depicted in Fig. 8 includes a hollowed interior, while the 
cooling bladder 30 shown in Fig. 9 incorporates a filler 61 within the hollowed interior. In 
certain applications, the cooling bladder 30 may be subject to tight bends. Excessive 
bending of the cooling bladder 30 can result in an undesirable decrease in the flow rate of 
the heat transfer medium within the cooling bladder 30. Licreased back pressure caused by 
such restrictions can be detrimental to the supply apparatus that dispenses the pressurized 
heat transfer medium to the inlet port of the cooling bladder 30. 

In order to reduce the tendency for cooling bladder wall coUapse or kinking at tight 
bend locations, a fiUer 61 may be incorporated within the cooling bladder 30. The filler 61 
is preferably disposed at locations of the cooling bladder 30 which are likely to be 
subjected to excessive bending. The filler 61 prevents heat transfer medium flow firom 
being interrupted around low radius bends and prevents pinching off of heat transfer 
medium flow within the cooling bladder 30. Alternatively, the filler 61 may be disposed 
within the entire length of the cooling bladder 30. 

The filler 61 is fabricated from a material that is capable of resisting collapse of the 
cooling bladder wall when subject to tight bending. In this regard, the filler 61 shown in 
Fig. 9 provides support to the cooling bladder structure firom within the cooling bladder 
30. In addition, the filler 61 induces turbxilent flow mixing that enhances heat transfer 
between the cooling bladder 30 and electrochemical ceUs. The filler 61 is preferably 
fabricated firom a porous material. Suitable filler materials include carbon, metal, plastic, 
composites, nylon, polyester, Scotch-Brite™ (3M, StPaul, MN) or other nonwoven 
material. 
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In another configuration, support for the cooling bladder structure can be provided 
by an arrangement external to the cooling bladder 30, such as by use of a sleeve 63 of a 
resilient reinforcing material attached to the exterior surface of the cooling bladder 30, as 
is shown in Fig. 8* Also, portions of the cooling bladder 30 designed to bend for a given 
application can be thickened relative to other portions of the cooling bladder 30 as part of 
cooling bladder fabrication. 

As was discussed previously, the cooling bladder or bladders used within an energy 
storage device may provide for serial or parallel flows. Figures 1 1 A and 1 IB illustrate an 
embodiment in which a cooling bladder 30 is integrated witiiin a cell stack assembly 28 to 
provide for serial coolant flow tiirough the cooling bladder 30. Figures 1 lA and IIB show 
a string of electrochemical cells 15 arranged in a spaced apart relationship to form the cell 
stack assembly 28. The cooling bladder 30 is assembled in a "fan-folded" fashion such 
that the active region 37 of the cooling bladder 30 contacts the active heat producing 
region of the cells 15. As shown, the cooling bladder 30 takes on a serpentine shape when 
it is installed within the cell stack assembly 28. 

When the sub-assembly of the cell stack assembly 28 fitted with the cooling 
bladder 30 is properly installed within an energy storage module housing, electrical 
connections between cell tabs 74 and tabs of a circuit board or interconnect board are 
properly established. The inlet and outiet ports 31, 33 are respectively connected to supply 
and return lines (not shown) of an external cooling system. During operation, a heat 
transfer medium passes through the inlet port 31, through the interior compartment of the 
cooling bladder 30, and passes out to the cooling bladder 30 via the outiet port 33 in a 
serial manner. 

Figures 12A and 12B illustrate an embodiment in which a cooling bladder 30 is 
integrated within a cell stack assembly 28 to provide for multiple serial coolant flow 
pathways. M the configuration depicted m Figs. 12A and 12B, a number of independent 
cooling bladders 30 are integrated within the string of electrochemical cells 15 of the cell 
stack assembly 28. As shown, each electrochemical cell 15 is sandwiched between two 
independent cooling bladders 30. It is noted that the inlet and outiet ports 31, 33 of the 



wo 03/071616 



24 



•CT/US02/40971 



cooling bladders 30 are typically coupled to conunon supply and return lines of the coolant 
system for simplicity of design. 

A variety of cooling bladder configurations may be achieved to provide optimal 
temperature control for energy storage systems of varying types. For example, several 
cooling bladders 30 may be integrated in a serpentine fashion within a single cell stack 
assembly 28, rather than using a single cooling bladder 30 as shown in Fig. 11. Parallel 
flows within one or more cooling bladders 30 may be achieved by provision of multiple 
interior compartments within the cooling bladders 30 and appropriate provision of inlet 
ports 31 relative to outlet ports 33. For example, the cooling bladders 30 shown in Figs. 
1 1 and 12 may each be fabricated to include multiple interior compartments, such that 
coolant supplied to an interior compartment via a single inlet port 3 1 flows into two or 
more compartments that each terminate with an outlet port 33. 

A simple parallel flow arrangement, as illustrated in Figs. 13A and 13B, may, for 
example, be achieved by provision of one inlet port 3 1 that supplies coolant to a supply * 
compartment 91 of the cooling bladder 30 so that coolant flows through the supply 
compartment 91 in one direction. As best seen in Fig. 13B, the cooling bladder 30 is 
partitioned to include two retum compartments 93, 95 that are respectively separated from 
the supply compartment 91 but fluidly connected to the end of the supply compartment 91 
(see Fig. 13A in particular). The ends of each of the two retum compartments 93, 95 are 
fitted with respective outlet ports 33. 

A heat transfer mediimi flows through the supply compartment 91 via the inlet port 
31 in a first direction until reaching the end of the supply compartment 91. The heat 
transfer medium flow is then split into two flows at the location at which the supply 
compartment 91 fluidly connects with the two retum compartments 93, 95. The two flows 
pass through respective retum compartments 93, 95, typically in directions opposite to that 
of the supply compartment flow, and exit the cooling bladder 30 via respective outiet ports 
33. It wiU be appreciated by those skilled in the art that other flow enhancement features 
(e.g., adding perforations/apertures to the walls separating the supply and return 
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compartments) may be incorporated into the cooling bladder to further enhance 
temperature imifonnity. 

In certain applications, particularly those involving electric or hybrid-electric 
vehicle, it is important that the cooling apparatus transport heated coolant to the 
electrochemical ceUs in a timely manner during cold start situations. For example, the 
temperature of a given hybrid vehicle battery may be well below a specified operating 
temperature at the time the operator wishes to initiate vehicle operation. In this situation, 
it is desirable to bring the battery up to the specified operating temperature as fast as 
possible. This can be achieved by provision of a cold start electrical heating element that 
quickly heats the coolant to the required temperature. 

This heating element is preferably operative during cold start situations, and may 
no longer be required once the coolant system comes up to temperature. A flow of quickly 
warmed coolant is supplied to the cooling bladders 30 of the battery until the battery 
comes up to the specified operating temperature. During subsequent operation of the 
vehicle, the heating element n^y be operated as required to maintain the set temperature. 

It is desirable that the duration of time required to bring a battery to a specified 
operating temperature in a cold start situation be as short as possible. This duration of 
time can be characterized by a time constant. A time constant is generally defined as the 
time it takes a given process to reach a steady state condition when starting from an initial 
startup condition. Within the context of the present invention, the condition is the desked 
operating temperature, and the time constant is dependent on a number of factors, 
including ambient air temperature, heating element wattage, coolant type, coolant amount 
and coolant flow rate, and battery type and battery thermal mass, among other factors. It is 
preferable to obtain a tune constant as low as possible, preferably less than a few minutes. 

The foregoing description of the various embodiments of the invention has been 
presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. Many modifications and 
variations are possible in light of the above teaching. For example, a cooling apparatus 
and methodology of the present invention can readily be adapted to apply to 
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electrochemical cells of a variety of shapes or sizes. One example involves weaving the 
cooling bladder among cylindrical shaped cells arranged in a spaced apart relationship. 
The cooling bladder can be configured, for example, to partially or completely encompass 
the circumferential surface area of such cylindrical shaped cells. Other examples involve 
5 weaving the cooling bladder among multifaceted (e,g., a hexagonal cross sectioned) or 
rounded (e.g., oval cross sectioned) shaped electrochemical cells. It is intended that the 
scope of the invention be limited not by this detailed description, but rather by the claims 
appended hereto. 
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What is claimed is: 

1. An electrochemical storage device, comprising: 

a plurality of electrochemical cells arranged in a spaced apart relationship, 
each of the electrochemical cells comprising opposing first and second planar surfaces and 
subject to volumetric changes during charge and discharge cycling; and 

a cooling bladder formed of a conformable thermally conducting material 
and having an inlet port and an outlet port, the cooling bladder conformable to maintain 
contact with at least the first planar surface or the second planar surface of each of the 
electrochemical cells during the volumetric changes, a heat transfer medium passing 
between the inlet and outlet ports to control an operating temperature of the 
electrochemical cells. 

2. The device of claim 1 , wherein the cooling bladder comprises a continuous 
hollowed interior within which the heat transfer medivim passes. 

3. The device of claim 1 , wherein the cooling bladder comprises a plurality of 
flow channels within which the heat transfer medium passes. 

4. The device of claim 1 , wherein the cooling bladder covers substantially all 
of a surface area of each of the cells. 

5. The device of claim 1, wherein the cooling bladder comprises a support 
arrangement that inhibits restriction of heat transfer medium flow at cooling bladder bend 
locations. 

6. The device of claim 5, wherein the support arrangement is located on an 
outer surface of the cooling bladder at the cooling bladder bend locations. 
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7. • The device of claim 5, wherein the support arrangement is located within 
the cooling bladder at the cooling bladder bend locations. 

8. The device of claim 1, wherein the cooling bladder comprises a porous 
filler material disposed within the cooling bladder. 

9. The device of claim 1 , wherein the cooling bladder comprises a porous 
filler material disposed at cooling bladder locations subject to bending. 

10. The device of claim 1, wherein the cooling bladder comprises thickened 
sections provided at cooling bladder locations subject to bending. 

1 1 . The device of claim 1 , wherein the cooling bladder comprises an interior 
compartment within which the heat transfer medixun passes between the inlet port and the 
outlet port in a unidirectional manner. 

12. The device of claim 1 , wherein the cooling bladder comprises a plurality of 
compartments through which the heat transfer medium passes. 

13. The device of claim 1 , wherein the cooling bladder comprises a first interior 
compartment and a second interior compartment, the transfer medium passing within the 
first interior compartment in a direction opposing that of the transfer medium passing 
within the second interior conapartment. 

14. The device of claim 1, wherein the conformable thermally conductive 
material comprises a single material layer. 

15. The device of claim 1 , wherein the conformable thermally conductive 
material comprises a plurality of material layers. 
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16. The device of claim 1, wherein the conformable thermally conductive 
material comprises a metallic layer disposed between a first polymer layer and a second 
polymer layer. 

17. The device of claim 1 , wherein the conformable thermally conductive 
material of the cooling bladder has a thickness of less than about 150 mils. 

18. The device of claim 1 , wherein the cooling bladder and the heat transfer 
medium constitute less than about 50 % by weight or volume of a total aggregate weight or 
volume of the cells, cooling bladder, and heat transfer medium. 

19. The device of claim 1, wherein the plurality of electrochemical cells are 
arranged to form a plurality of cell sets, each of the cell sets provided with one of a 
plurality of the cooling bladders, such that an operating temperature of electrochemical 
cells of each of the cell sets is controlled by at least one of the plurality of cooling 
bladders. 

20. The device of claim 1, wherein the plurality of electrochemical cells are 
arranged to form a cell stack, and the cooling bladder controls the operating temperature of 
the cell stack such that a temperature difference as measured between any two cells of the 
cell stack does not exceed 5 degrees Celsius. 

21. The device of claim 1, wherein the plurality of electrochemical cells are 
arranged to form a cell stack, and the cooling bladder controls the operating temperature of 
the cell stack such that a temperature difference as measured between any two points on 
either the first or second planar surface of an individual cell does not exceed 5 degrees 
Celsius. 
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22. The device of claim 1, wherein the pliirality of electrochemical cells are 
arranged to form a cell stack, and the cooling bladder controls the operating temperature of 
the cell stack such that a temperature difference as measured between any two cells of the 
cell stack or between any two points on either the first or second planar surface of an 
individual cell does not exceed 2 degrees Celsius. 

23. The device of claim 1, wherein the cooling bladder conforms to a 
serpentme configuration to contact the respective first and second planar surfaces of each 
of the electrochen:iical cells. 

24. The device of claim 1 , wherein: 

each of the pluraUty of electrochemical cells comprises first, second, third, 
and fourth edges, the first edge opposing the second edge and the third edge opposmg the 
fourth edge; 

the fibrst and second edges of each electrochemical cell electrically couples 
to respective electrical conductors for conducting current into and out of each of the 
electrochemical cells; and 

the cooling bladder contacts respective third and fourth edges and 
respective first and second planar surfaces of each of the electrochemical cells. 

25. The device of claim 1, wherein the heat transfer medium comprises water. 

26. The device of claim 1 , wherein the heat transfer medium comprises a 
mixture of water and ethylene glycol. 

27. The device of claim 1, wherein a temperature of the heat transfer medium 
entering the inlet port of the cooling bladder is substantially constant. 
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28 . The device of claim 1 , wherein the operating temperature of the 
electrochemical cells ranges between about 20 degrees Celsius and about 130 degrees 
Celsius. 

29. The device of claim 1 , further comprising a housing within which the 
plurality of electrochemical cells and the cooling bladder are situated, the housing 
comprising a positive terminal and a negative terminal each coupled to the electrochemical 
cells, the housing further comprising an inlet aperture for providing access to the inlet port 
of the cooling bladder and an outlet aperture for providing access to the outlet port of the 
cooling bladder. 

30. The device of claim 1 , further comprising a housing within which the 
plurality of electrochemical cells and a plurality of the cooling bladders are situated, the 
housing comprising a positive terminal and a negative terminal each coupled to the 
electrochemical cells, the housing further comprising at least one inlet aperture for 
providing access to an inlet port of each of the cooling bladders and at least one outlet 
aperture for providing access to an outlet port of each of the cooling bladders, 

3 1 . The device of claim 1 , wherein the electrochemical cells comprise lithium 
cells or nickel metal hydride cells. 

32. An electrochemical storage device, comprising: 

a plurality of electrochemical cells arranged in a spaced apart relationship, 
the electrochemical cells comprising opposing first and second planar surfaces, the 
electrochemical cells subject to volumetric changes during charge and discharge cycling; 
and 

a cooling bladder formed of a conformable thermally conductive material, 
the cooling bladder conformable to contact at least the respective first planar surface or 
second planar surface of each of the electrochemical cells, a heat transfer medium passing 
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to cooling btadte pnsmized to n«m«« *e electrocB 
oomptession daring charge and discharge c5«hog. 

„ ^deviceofC.in>32,wher.in*ecooU.«''.»^«-.npri«sa« 
„,fl„.char^l.«*i«whichtt«heat«»sfcr.<»4i-unP--- 

. • „fc.aim32vAerei»theooolingbladd«con>pri8«aaapport 

10 locations. 

35 ^devic.ofo.air.34,wherei„«>e»PPor.arrange»..U.oca.e*o.an 
„^s»r^ofd»cooU..hlada«a.««cooUngh.adderWlocaho«s. 

3, ^aeviceofc.aM.34.«hcrcin*c.uppor.arra.gen.n..loca.cdwiU* 
U,ecooUngbl«.aera.a«cool>ngbladderbc»dlocaaons. 

3,, xhede,icco(c.ahn32..he«in««coolh«bUdderccr»pri3esaporo«s 
ate material disposed mthto the cooling bladder. 

3, Thedeviceo(claim32,»hereinfl.ecoolingbladdercoo^«^«* 
s^uonst^videdatcoolingbladderlocadonssubjecttobending. 

3, ^aeviceofclaim32,whe.eint..cooungbladdercon^ap.urali., 
orco-^artn^ntsthtoughwhichtheheat transfer n«di»mp-«- 

^. ^deviceofclai«32..he«ind„confom.ble— ycon^ive 
^rial comprises a single material layer. 
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41. TT„devi«ofolaim32..he«nU»c<>nformab.e— yo»d»cUv. 
...^ oMDprises aplmality of malerial layers. 

« •n«devlcofcWm32.wh»in4.confonnab.e— yccductive 
^aal of tocoo«„gblaaderh.s aaictaess of .«3 «»n about ISOmUs. 

43 Thedeviceofc.ai«32.»h«».tt«pl»«H.yofe.ecBC0hen^--lls- 
f„™ariuralityofceuseu.eaohofteceus«spnmded«tthoneofa 

tr!^lof«»cease..con«oUe.b,a.,ea.o.of...p.-^.,ofc«...S 

bladders. 

44 The device of claim 32. whe^in to pluraUty o, electtochemical ceHs^ 
r. waoeusuck andfl»coolingbladdercon«olstooperating«mperatu«of 

,„^«„„nnacdls<ack,an ^^^ecn any mo cells of the 

a„ ceU stack such that a temperalaie diStieiice as meas 

cdl stack does not eicceed 5 degrees Celsius. 

45 Thede,iceofclain.32,«berei..hepluraU.yofelec«chendcalceUsare 

_^„f„m.aceUsUck.and.hecoo.iughladdetcontr„.s«»c^-P^-°' 
rll.-hU,ata.e„pera.„.ea«e,enceasn«asutedhe.weenany^o^^^ 

!rulfhs.orsecondp.ana.surfaceofaninaivi<lu.celldoesnote.ceed5de^ 

Celsius. 

4, T^edeviceofclain>32.»he.inthecooUngbladderconfonm«.a 
S ^treconfi^aaou.ocontact.herespective«rs.andsecondpla^s„-- 

of the electrochemical cells. 
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each of the plurality of electrochemical cells comprises first, second, third, 
and fomth edges, the first edge opposing the second edge and the third edge opposing the 
fourth edge; 

the first and second edges of each electrochemical cell electrically couples 
to respective electrical conductors for conducting current into and out of each of the 
electrochemical cells; and 

the cooling bladder contacts respective third and fourth edges and 
respective first and second planar surfaces of each of the electrochemical cells- 

48. The device of claim 32, wherein the operating temperature of the 
electrochemical cells ranges between about 20 degrees Celsius and about 130 degrees 
Celsius, 

49. The device of claim 32, further comprising a housing within which the 
plurality of electrochenaical cells and the cooling bladder are situated, the housing 
comprising a positive terminal and a negative terminal each coupled to the electrochemical 
cells, the housing further comprising an inlet aperture for providing access to the inlet port 
of the cooling bladder and an outlet aperture for providing access to the outlet port of the 
cooling bladder. 

50. The device of claim 32, further comprising a housing within which the 
plurality of electrochemical cells and a plurality of the cooling bladders are situated, the 
housing comprising a positive terminal and a negative terminal each coupled to the 
electrochemical cells, the housing further comprising at least one inlet aperture for 
providing access to an inlet port of each of the cooling bladders and at least one outlet 
aperture for providing access to an outlet port of each of the cooling bladders. 

5 1 . The device of claim 32, wherein the electrochemical cells comprise lithium 
cells or nickel metal hydride cells. 
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52. A method of providing cooling within an electrochemical storage device, 
comprising: 

providing a plurality of electrochemical cells arranged in a spaced apart 
relationship, each of the electrochemical cells comprising opposing first and second planar 
surfaces and subject to volumetric changes during charge and discharge cycling; 

providing a conformable, themially conductive cooling bladder such that 
the cooling bladder maintains contact with at least the first planar surface or the second 
planar surface of each of the electrochemical cells during the volumetric changes; and 

passing a heat transfer mediimi through the cooling bladder to control an 
operating temperature of the electrochendcal cells. 

53. The method of claim 52, further comprising pressurizing the cooling 
bladder to mflintain the electrochemical cells in a state of compression during cell charge 
and discharge cycling. 

54. The method of claim 52, wherein passing the heat transfer medium further 
comprises passing the heat transfer medixmi through the cooling bladder in a unidirectional 
manner. 

55. The method of claim 52, wherein passing the heat transfer medium further 
comprises passing the heat transfer medium through a plurality of compartments provided 
within the cooling bladder. 

56. The method of claun 52, further comprising supportmg the cooling bladder 
at cooling bladder bend locations to inhibit restriction of heat transfer medium flow at the 
cooling bladder bend locations. 
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SI ThenKKhod<rfclata57.wheremsuppoitingthecoolmgbladaerfurtl»i 

bladder at the cooling bladder bend locations. 

58 TbemetlK>dofdaim52,whe»MnthepluraUtyofelec.rochemicalce!lsaie 
arranged to formapluraUty of ceU sets, e^hof the ceU sets provided «ithone Ota 

plurality of *e cooling bladders, ftnther ^hetem passing the heat transfer medrnm 
contpdses passing the beat transfer n«dinm through each oftbe cooling bladders to 

con.rolanopera,ingtemperatureoftheelectrochen>icalcellsofeachoftbeeense.s. 

59 The method of claim 52, whciem the ptaraUty of electrochemical cells are 
,^.oft,rmacell...ck.tetherwhereinpassing the heat transfer medium comprises 

passtogtheheattransfhmedlumthrough the cooUng bladder to control the opcrattog 
temperanareofthecell stack suchthatatemperatm* difference as measutedbetween any 

two cells of the ceU stack does not exceed 5 degrees Celsins. 

60 Themethodofclaim52.»heretatheptaraUtyofelectrochemicalcellsare 
arranged to formaceU stack, farther wherem passing the heat transf^ medium composes 

passmg the heat transfer medinm through the cooUng bladder to condol the operatmg 
temperature of theceU stack suchthatatemperahne difference asmeasuredbe^ve^ any 

.wopoin^oneitherthefirst or secondplanar surface of an mdlvidualcelldoes not exceed 
5 degrees Celsius- 

61. me method of claim 52, wherein the heat transfer medium comprises water 
25 or a mixture of water and ethylene glycol. 

62 The method of claim 52. wherein passing the heat transfer medium 
comprises passing theheattransfer medium atasuhstantiaUy constant tempem^^ 

cooling bladder. 
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63. The method of claim 52, wherein the operating temperature of the 
electrochemical cells ranges between about 20 degrees Celsius and about 130 degrees 
Celsius, 

64. The method of claim 52, wherein the electrochenoical cells comprise 
lithivun cells or nickel metal hydride cells. 

65. The method of claim 52, further comprising providing a housing within 
which the plurality of electrochemical cells and the cooling bladder are situated, the 
housing comprising a positive terminal and a negative terminal each coupled to the 
electrochemical cells, the housing further comprising an inlet aperture for providing access 
to the inlet port of the cooling bladder and an outlet aperture for providing access to the 
outlet port of the cooling bladder, further wherein passing the heat transfer medium 
comprises passing the heat transfer medixmi through the inlet aperture of the housing, the 
inlet and outlet ports of the cooling bladder, and the outlet aperture of the housing. 

66. The method of claim 52, further comprising providing a housing within 
which the plurality of electrochemical cells and a plurality of the cooling bladders are 
situated, the housing comprising a positive terminal and a negative terminal each coupled 
to the electrochemical cells, the housing further comprising at least one inlet aperture for 
providing access to an inlet port of each of the cooling bladders and at least one outlet 
aperture for providing access to an outlet port of each of the cooling bladders, further 
wherein passing the heat transfer medium comprises passing the heat transfer medium 
through the at least one inlet aperture of the housing, the inlet and outlet ports of the 
respective cooling bladders, and the at least one outlet aperture of the housing. 
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FIG. 3 
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